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INTRODUCTION

IN 1923 a lmmiber of remains, among them skulls and teeth, were discovered
in two large rock-shelters at Zitzikama, Eastern Province, by Mr FitzSimons,
Director of the Port Elizabeth Museum.

In the same year Prof. Raymond A. Dart pointed out the similarity
existing between one type of skull discovered in the lowest levels of these
rock-shelters and the Boskop remains.

In 1924 1)r Gordon D. Laing reported on the skulls (Strandlooper) from
the higher and later levels of the same deposits at Zitzikama. Dr Laing
concluded that the Strandlooper skulls showed a hybridisation of the Boskop
race with the Bushman.

The teeth with which we are concerned are odd ones retrieved during the
digging of these caves. They were received here unaccompanied by records
of the skulls to which they belonged, but it is considered that the majority
of them belonged to skulls of the superficial deposit, similar to those described
by Dr Laing (i.e. Strandlooper skulls), and that two maxillary and two
mandibular molars belonged to skulls from the lowest levels, similar to those
described by Prof. Dart (i.e. Boskop skulls).

They were handed over to me by Prof. Dart for investigation and, for
the reasons referred to above, they are described here as Strandlooper and
Boskop teeth respectively.
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Strandlooper teeth. A superficial examination of these odd teeth imme-
diately revealed the fact that the molars (fig. 1, 1-4 and Plate L, row A)
were markedly differentt outwar(lly from typical molar teeth of modern races,
on account of the shortness of their roots and the relativclv great length of
their iin i(le(lIdortioIs;, which must have been inifra-alvcolar wNhen the teeth
were pi'eselt iii their sockets (fig. 2, A).

The character of the chambers of some of these teeth, as revealed hv
sectioning on a revolvinig circular saw, afforded support to the view that
thcse teeth (iffered greatly from typical mo(lern teeth, for their puilp chamlbers
were found to be relatively larger and to extendl more dleeplv into that region
of the tootlh which in tyl)ical modern teeth is occti)ie(l by the roots (fig. 1, 1).

Fig. 1. Four typical examples of the molar teeth from Zitzikama.

Boshop tethM. These teeth were of the same general type as the Strand-
looper teeth but were built on a larger and more generous plan (Plate I,
row7 B). The roots of the lower molars are absent but the roots of the upper
molars are present aIld exhibit a strong tendency to be fused into one solid
mass. rThe relative size of the crown, root and undivide(l portion of these
teeth is somewhat similar to the relative size of these parts in the Strandlooper
molars.

Molar teeth with the characters found in these Zitzikama teeth, i.e. molar
teeth with long infra-alveolar undivided portions, short or fused roots and
relatively extensive pulp chambers, I had not seen formerly in any modern
race (if infrequent third molar teeth are excepted). It is well known however
that molar teeth with somewhat similar characters have frequently been iis-
covered in fossil races (e.g. Neanderthal and IIeidelberg).

In 1913 Sir Arthur Keith, writing on "Problems relatinlg to the teeth of
the earlier forms of prehistoric man,"proposed that for "a curious process or
condition of the molar teeth," i.e. "a tendency for the body of the tooth to
enlarge at the expense of the roots," " we ought to have a distinctive name."

Provisionally, "for this condition or tendency" he proposed the name of
"taurodontism," because, according to him, "the tendency for the body of
the tooth to enlarge at the expense of the roots is a tendency to assume the
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condition seen in the teeth of the ungulate or cud-chewing animals, e.g. the
condition seen in the ox."

For "the opposite condition that seen in the teeth of the carnivora-
where the body of the tooth is above the alveolar margin," he proposed the
name of "cynodontism."

M ol ars.

ZitZi kama.

Be

African egro.

[uropean.

second upper. 2nr-lower.
Fig. 2. Drawings of molar teeth of the Zitzikama peoples, African negro

and European (natural size).

At a later date (1916) Sir Arthur Keith states that for " molar teeth" that
"are large in crown and body and exceedingly short in root," he has " proposed
the name of 'taurodont,"' and "to the more primitive form, seen in apes and
also in modern types of men, the name 'cynodont' is given."
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Accepting the terminology of Keith (1913) for this tendency in teeth, it is
clear that the molar teeth discovered at Zitzikama exhibit "taurodontism."

Taurodontismi, according to recent writers, is exceedingly rare in modern
races, but occasionally, as pointed out by Keith himself, by Mummery (1923)
and by other writers, third and other molar teeth are met with that show the
condition. Kramberger (1907) has stated that the Eskimo sometimes exhibits
a slight degree of taurodontism and Adloff (1910) has figured a taurodont
tooth in a European.

Tauirodontism has been shown, as stated above, to be a character of
certain fossil races (Heidelberg and Neanderthal).

The peculiar characters of the teeth in the Neanderthal race were described
at length for the first time by Dr Paul Adloff (1908), who showed that the
teeth of Neanderthal man, especially those discovered (1907) by Dr Gorganovic-
Kramberger at Krapina, were long and infra-alveolar in their undivided
portions, large in their crown, short or fused in their roots and possessed of
very enlarged pulp chambers.

The name "taurodontism" was subsequently (1913) proposed by Sir
Arthur Keith as the result of the necessity for introducing a term which would
succinctly express this combination of characters. According to Keith (1916)
taurodontism "is present to a greater or lesser degree in the teeth of all
members of the Neanderthal race. It is a character of that race."

Many authorities, whose opinions will be stated more fully at a later stage,
regard the "degree of taurodontism in the Neanderthal teeth" as a character
of specific rank, i.e. a character which assists in demarcating Neanderthal
man from modern (sapient) man. Unfortunately, these authorities have not
state(1, so far as I am aware, what "degree" of taurodontism they consider
a character of specific rank, although the necessity for such a statement is
evident since Keith has shown that the " degree of taurodontism varied widely
in the examples of Neanderthal man so far discovered" (according to that
writer the degree "was extreme" in a number of the teeth in the Krapina
Neanderthaloids and "less marked" in the teeth found at Spy. Tomes (1923)
states that "only 50 per cent. of the Krapina teeth presented peculiarities of
the roots in any marked degree" and that the Spy molars could pass for
molars of the modern type).

I have found it essential for the purposes of this communication to in-
troduce more precise terms that will indicate the different " degrees " of
taurodontism observed in the teeth examined by me. Accordingly it is pro-
posed that the extent of vertical deepening of the undivided portion at the
expense of the root seen in the teeth of the Heidelberg jaw ("a considerable
degree," according to Keith (1916)) be taken as a mean; the extent of the
development being known as " meso-taurodontism " and the teeth as " meso-
taurodont teeth" (fig. 3, C). The extent of the development seen in the teeth
of some of the Krapina Neanderthaloids (fig. 3, D) may then be denoted by
the term " hyper-taurodontisnm," the teeth being called "hyper-taurodont
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Skiagram 1. Skiagrams of the lower premolar and molar teeth of a Bantu-Boskop hybrid. (The
third molar teeth are erupted but not shown in the skiagrams.)

C YA'ODON
(Eu89orr/w).

11,YfPO T1J/ODONTE.
(5AIVTU1-SOSKO/O /IKgR9/D).

AVESO T71//RO/OA 7T
(uuvAML9 Rz)s4

(AYPN7A)TR.ODONE

(TRWAP///).

Fig. 3. Drawings from skiagrams of the lower right molars of modern European (A), Bantu-
Boskop hybrid (B), Heidelberg mandible (C), Krapina mandible (D), to illustrate different
degrees of taurodontism. ((C) and (D) after Professor Keith.)

B. A

C. I

A I



Taurodont Teeth in South African Races 481

teeth"; while the degree of development seen in the teeth of some South
African Bantu-Boskop hybrids (fig. 3, B) may be called " hypo-taurodontism "
and the teeth " hypo-taurodont teeth." Prof. Keith's terms, i.e. taurodontism
an(l taurodont, with their opposites, cynodontism and cynodont, are still by
this nomenclature retained as general descriptive terms for the tendencies
exhibited by human teeth.

Although there is no doubt that the morphological characters of the
Zitzikama teeth are not identical with those of the Neanderthal teeth, the
presence of taurodontism in the molars from Zitzikama, and in molars of
other South African people subsequently examined, warrants a detailed

description of these teeth in this report.

MATERIAL

Unfortunately the skeletal material from Zitzikama had been returned to
Port Elizabeth before taurodontism was discovered in the odd teeth. Hence
a description of the teeth in the skulls is not possible at the present time.

The odd Zitzikama (Strandlooper) group consisted of seventy teeth. Fifty-
seven of these are complete or partially complete teeth. Twelve are crowns
(molar) of teeth. The remaining tooth has the characters of an ill-formed
supernumerary premolar.

As stated formerly, the other odd Zitzikama (Boskop) group consisted of
two maxillary an(l two mandibular molars, both appearing to belong to one
individual.

Skulls utilised for examination of the teeth in other South African races
were first of all those from a loan collection of Biush-Ilottentot skeletons from
the McGregor Museum of Kimberley'. Most of these skulls formed the basis
of Dr R. Broom's communication (1925) to the Royal Anthropological Institute
on the craniology of the yellow-skinned races of South Africa. They have
been classified for the purposes of the paper by Mir II. S. Gear as follows:

1. Pure Bantu skulls ... ... ... ... ... 6 specimens
2. Pure Bush skulls ... ... ... ... ... 9
3. Bantu-Bush hybrid skulls ... ... ... 2
4. Bantu skulls showing Boskopoid element ... 5
5. Bush skulls showing Boskopoid element ... 3
6. Bush skulls showing Australoid (Broom) element 8
Total number of skulls in this collection: thirty-three.

In the second place, part of the extensive collection of skulls in the
Anatomy Museum of this University was utilised. This collection has been
classified as follows:

1. Bantu skulls ... ... ... ... ... 81 specimens
2. Bush skulls ... ... ... ... ... ... 6 ,,

1 I am indebted to Miss Al. Wilman, Director of the McGregor Museum, Kimberley, and also
to the Trustees of that Institution, for lending this valuable collection of skulls.

Anatomy LXII 32
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3. Bantu-Bush hybrid skulls ... ... ... 5 specimens
4. Bantu skulls showing Boskopoid element ... 6
5. Bush skulls showing Australoid element ... 4
Total number of skulls in this collection: one hundred and two.

Finally, there were examined the dentitions in twelve skulls of known
Bantu tribes. These twelve skulls are the property of the South African
Institute for Medical Research and were lent to us by the Director, Sir Spencer
Lister.

In all, therefore, the teeth in one hundred and forty-seven skulls were
examined.

REMarARKS UPON: 1. DENTAL TERMINOLOGY. 2. INTERNAL AND EXTERNAL
CILARACTERS AS CRITERIONS FOR THE DIAGNOSIS OF TILE CONDITIONS EX-
11113TTED BY HUMAN TEETH. 3. CLASSIFICATION OF TILE CHARACTERS OF
TIlE MOLAR SERIES, AS A WHOLE, IN A SINGLE INDIVIDUAL

1. Dental Termninology
According to Tomes (8th edit. 1923):

for the purpose of description the three external parts of a tooth arc dis-
tinguished by name, viz. the crown, neck and root. This distinction is made
in describing human teeth, and is applicable to the great majority of mam-
malian teeth, though there are some forms in which no such differentiation
of parts can be seen. The crown is that portion which is exposed above the
borders of the gum, and is in human teeth coated by enamel; the neck is
that portion which corresponds to the edge of the gum, and intervenes be-
tween the edges of the bony sockets and the edge of enamel; the root is that
part which is enclosed within the bony socket, and is covered by cementum.

Of these it is to be remarked that the "neck," although a convenient and
necessary term for descriptive purposes, marks an arbitrary division of less
importance than that expressed by crown and root; also that, although this
division into three parts can be made in the case of socketed teeth of limited
growth, no such distinction of parts can be made in teeth of perpetual growth.

According to the writings of Ilopewell-Smith (1913), Mummery (1923)
and others, Tomes' description of teeth, as quoted above, is correct. These
writers recognise three parts of a tooth and define these parts in a manner
similar to that adopted by Tomes.

In actual point of fact, however, where measurements of teeth are made,
that portion of the tooth which intervenes between the crown and the root,
i.e. the portion that Tomes and others call the "neck," is disregarded and
the tooth is looked upon as consisting of crown and root only videe Hlopewell-
Smith's Dental Anatomny and Physiology, p. 174 and following pages). This
procc(lure, although loose, would be satisfactory enough if one had to deal
only with cynodont teeth, where the intervening portion is small (approxi-
mately 2-5 mm.) in size and sufficiently short to be regarded as "arbitrary."

In taurodont molar teeth, on the other hand, Tomes' definitions, as quoted
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above, cannot be applied because not only the roots but also a considerable
part of the undivided portion of the tooth above the roots, although perhaps
"not covered by cementum," nevertheless "is enclosed within the bony
sockets" (vide fig. 3).

Further, with the great lengthening of the interval between the crown
and the root the intervening part of the tooth can be no longer regarded as
"arbitrary," but is on the contrary a striking and independent part of its
anatomy and is, equally with the crown and the root, deserving of a specific
descriptive term.

In applying a term to this middle portion of the taurodont molar tooth
it is obvious that the terns "neck," as defined by Tomes, is unsatisfactory,
because in this type of tooth the middle part no longer " corresponds to the
edge of the gum" and no longer "intervenes between the edges of the bony
sockets and the edge of enamel." The term "body" has been used by Keith

CR OWNV

7 BODY

A B

Figr. 4. Diagram to illustrate the parts of a cynodont tooth (A) and
tauro(dont tooth (B), showing the measurements taken.

(1913) to describe this region and has found a certain currency in the literature,
although he has in no place, to my knowledge, pointed out the necessity that
exists here for the introduction of a new term, nor expressed clearly what
the significance of the term "body," as used by him, actually is.

In this investigation it was essential to divide the taurodont molar tooth
into three regions and to measure these regions separately (fig. 4). I have
adopted as more suitable the term introduced without definition by Keith,
to distinguish the middle portion of the tooth, namely, the body. I have
further taken the liberty to define the body for the purposes of this report as
that portion of the tooth which intervenes between the lower edge of the
enamel and the upper end of the groove which usually marks the division or
partial division of the roots and which seems to correspond with the upper-
most extent of the cementum. Tomes' definition of the crown, i.e. that portion
of the tooth which is exposed above the borders of the gum and is in human
teeth covered by enamel, can be and is retained. The root, however, is defined

32-2
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by me as the divided or partially divided portion of the tooth that is covered
by cementum, is enclosed within the body socket and intervenes between the
lower border of the body, as defined above, and the base of the bony socket.

The term body, so defined, may be applied to cynodont teeth, but even in
these it does not necessarily correspond with the " neck " as defined by Tomes,
and in view of the fact that the term "neck" as hitherto used by investi-
gators is " arbitrary " and is usually entirely neglected in measurements taken.
it is suggested that it should not in future be used for the purpose of anthropo-
metric discussion videe fig. 4).

It must however be remembered that the term " neck," as used by Tomes,
while perhaps of no value anthropometrically, is of distinct value descrip-
tively in another sense, namely, that while there is usually a very marked
constriction at the junction of the enamel and cement in cynodont deciduous
teeth, such a constriction is less marked in cynodont permanent teeth. Wherever
the term (neck) is used in this paper it has reference to this character of con-
striction at the enamel-cement junction. Such a neck is also usually absent from
taurodont teeth.

Following the definitions given above, the mean proportions of the crown,
body and root lengths of cynodont (Bantu) maxillary molars (maxillary
molars predominate in the Zitzikama collection) are 7, 2, 11 mm. of the whole
respectively i.e. the crown and root arc long and the body is exceedingly
short (fig. 4).

2. Internal and External Characters as Criterions for the Diagnosis of the
Conditions exhibited by Human, Teeth,

Although it was primarily for external characters of teeth that the term
taurodontism was proposed videe statement of Keith given above), the size of
the pulp cavity (i.e. internal characters), as revealed by radiographic examina-
tion, has been customarily taken as the basic criterion upon which the diagnosis
of taurodontism has rested.

For this reason it is necessary to enquire whether internal or external
characters afford the better criterion for the diagnosis of the conditions
exhibited by human teeth.

Concerning internal characters it must be pointed out that, since the pulp
is not a fixed organ, the "size and form of the pulp cavity are subject to
manifold individual variations" (Loos, quoted by Ilopewell-Smith, 1919).

It is relatively large in early life but decreases in size later in life, due to
factors which are not as yet adequately known.

According to Campbell (1925) the decrease in size is due to attrition. The
dentine being exposed, its fibrils are irritated and the odontoblasts stimulated
to active formation of secondary dentine, which reduces the cavity size.

The investigations of Courtney Lyne (1916) on the formation of dentine,
based on a very wide series of teeth at different ages, showed, according to
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him, that the pulp cavity is reduced by age. That writer says that the pulp
cavity, taking the average of one age with another, is steadily decreasing in
size during life and that, a' priori, a large pulp cavity indicates a tooth from
a young animal and a small pulp cavity indicates a tooth from an older
animal. It is also well known that a gradual change of the tooth-pulp into
calcified tissue, as a result of disease, e.g. caries, and injury, proceeds to
obliterate the pulp cavity and reduce its size.

Taurodont teeth are open to the same influences which reduce the pulp
cavity in cynodont teeth. While, therefore, the presence of an enlarged pulp
cavity may be conclusive proof of taurodontism, the absence ofan enlarged pulp
cavity is not necessarily proof that a tooth exhibits cynodontism. This fact
is well known by some writers and Prof. Boule (quoted by Sollas, 1924) has
in fact shown that the pulp cavities in some of the Neanderthal molars are
exceedingly small; even although the external characters of these teeth are of the
taurodont type. Hence, in the writer's estimation, internal characters, as re-
vealed by radiographs, may be deceptive and may render nugatory conclu-
sions based on these criterions alone. That is to say, internal characters,
although admittedly of paramount importance as secondary or indirect evi-
dence of the morphological characters of a tooth, are not in themselves con-
clusive evidence of the condition exhibited.

On the other hand, although no two dental organs possess exactly similar
morphological characteristics, the external parts (crown, body and root) of
any individual tooth, once formed, remain fairly constant in form throughout
the life history of the tooth. The crown can, it is true, be worn away by
attrition or disintegrated by caries; the body, as defined above, may be slightly
altered by disease and the roots can be reduced slightly in size by absorption
or enlarged slightly by deposition of cement. But, in its chief anatomical
features, i.e. the relative proportions of crown, body and root, a tooth remains
fairly fixed in external form during its existence. Moreover, in alteration of
external form, it may be stated that the body, upon whose size the diagnosis
of the condition of the tooth especially depends, is customarily the least
affected of any by the above-mentioned factors.

As has been stated above, external characters afford adequate evidence
for the diagnosis of the condition exhibited by some of the Neanderthal
molars. Likewise, in this investigation it has been found that external
characters and dimensions afford more reliable evidence of a tooth's morpho-
logical characters, whatever its age or however much it may be worn away,
than internal characters. For example, it was found that the relative size of
the parts-crown, body and root of, among others, a second molar examined
was 7: 4: 6 mm. respectively. The body of this tooth was long and infra-alveolar,
the roots were short and fused, and yet the pulp cavity of this tooth was
exceedingly small. That is to say, the external characters and dimensions
betrayed the fact that this tooth was taurodont even although the internal
characters afforded no indication whatever of this fact.
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For these reasons the external characters of the teeth examined by me,
as revealed by careful measurements and macroscopic examination, have
afforded the basic criterion for the diagnosis of the conditions exhibited by
these teeth.

3. Classification (f the Characters of the Molar Series, as a whole,
in a single individual

Although, as stated formerly, the external characters of an individualnmolar
tooth remnain fairly constant throughout the life history of that tooth, it is
to be noted that in any series of molar teeth in a single individual the external
characters (and internal characters) vary gradually from before backwards,
i.e. in passing from the first to the third molar. In other words, if the second
molar tooth is a typical meso-taurodont tooth the first molar is not so pro-
nouncedly meso-taurodont, while the third molar is generally more markedly
meso-taurodont and may tend towards a condition of hyper-taurodontism.

This general transition as we proceed from the front to the back of a
molar series, and which I have never seen recorded, nor have ever witnessed
personally, as progressing in the reverse direction, is due, as previously dis-
cussed, to factors of age, attrition and perhaps still further undiscovered
causes.

Whatever the cause, it may be stated categorically that the first molar in
any molar series tends less than any of the other molars to the condition of
taurodontism and that the second and third molars tend more to the con-
dition of taurodontism.

This fact is generally recognised and, as pointed out by Tonmes (1923),
sonme of the Krapina (taurodont) molar series afford excellent evidence of
this transition in passing from the front to the back of a molar series videe
fig. 3, D). The same phenomena can be seen in radiographic pictures of the
molar series in the Heidelberg jaw.

Although, however, the characters of the teeth in a molar series vary
appreciably in this manner, it has been my uniform experience during this
investigation to find that the condition exhibited by the molar series, as a
whole, fluctuates around that exhibited by the second molar.

Thus, in all the dentitions examined, if the second molar was meso-
taurodont the first and third molars were also meso-taurodont, even although
the characters of the former tooth were inclined towards hypo-taurodontism
and those of the latter towards hyper-taurodontism. Likewise, where the
second molar was hypo-taurodont the first and third molars were hypo-
tauro(lont, although definitely exhibiting the character to a lesser and greater
degree respectively than the second molar.

Owing to the fact that the condition of the molar series as a whole fluc-
tuates around that exhibited by the second molar, it is convenient, for the
purposes of classification of any molar series as a whole, to accept the second
molar tooth as the standard tooth upon which to base the diagnosis of the
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condition of the series. Accordingly, in this report, the second molar has been
accepted as the standard tooth of the series and the terms hyper-taurodontism,
meso-taurodontism, hypo-taurodontism and cynodontism have special re-
ference to the type of the second molar in the dentitions examined.

Stated briefly, the conclusions arrived at are the following:
1. A tooth consists of three parts, namely, a crown, a body and a root.
2. A cynodont tooth has a relatively long crown and root and a relatively

short body.
3. A taurodont tooth is relatively long in crown and body and relatively

short in the root.
4. Internal characters of a tooth, although of considerable service as

secondary or indirect evidence of the morphological character of the tooth,
are not in themselves conclusive evidence of the condition of the tooth.

5. The external characters of a tooth and the relative proportions of its
crown, body and root, as revealed by macroscopic examination and careful
measurements, afford the best criterion for the diagnosis of taurodontism or
cynodontism.

6. The characters of the molar teeth in a molar series in a single individual
fluctuate around those exhibited by the second molar tooth. The second
molar tooth in a molar series may therefore be taken as the standard tooth
of that series for the purpose of classification of the characters of the series
as a whole.

ZITZIKAMA STRANDLOOPER ANTERIOR TEETH

The majority of these teeth conform to the Bantu type but a few differ
slightly from that type.

Thus, one second maxillary incisor and two maxillary canines exhibit well-
marked marginal ridges on their lingual surfaces, which produce a roughly
triangular shallow concave central fossa on this aspect of the teeth. Teeth
with the same characters, according to Hrdlicka (1920), "occur frequently
in yellow-brown peoples, such as Malays, Mongolians, Chinese and Japanese
but are less common to rare in other racial groups." Because they "resemble
more or less an ordinary coal shovel" they are termed by Hrdlicka "shovel-
shaped teeth." That writer recognised three grades of "shovel shapes" in
the teeth examined by him and adopted the term "shovel" for all the better
developed grades; "semi-shovel " for the less well-developed grades and
"trace-shovel " for slight but distinct indication of the character.

Accepting this terminology, the Strandlooper maxillary canines are " semi-
shovel"; the incisors are "trace-shovel."

Four first maxillary incisors are also of interest because the lines which
represent their proximal surfaces converge rapidly towards the necks. In
other words, these teeth exhibit marked excess in their transverse diameters
at their biting edges.

Azoulay and Regnault (1893) have stated that this character is not in-
frequently found "in inferior races" and rarely found in "the yellows, the
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European and Hindus." Leon Williams (1914), on the contrary, although
expecting to find racial differences in the form of the incisors, found that no
such differences existed and that "three primary forms of teeth are common
to all races."

i Examination of the teeth in South African Bantu races afforded support
to Leon Williams' view, for it was found that in these races three forms of
upper first incisor teeth niay be recognised. It must be pointed out, however,
that it has been my experience to find that the form of incisor tooth described
above (Class II, of Williams) is the rarest form in typical South African Bantu
races. That is to say, the type of incisor tooth discovered at Zitzikama is
not identical with the typical type of incisor tooth found in living Bantu races.

ZITZIKAMA STRANDLOOPER MOLARS

Fourteen complete molars (three of which are lower molars) and twelve
molar crowns (four of which are the crowns of lower molar teeth) were found
in the Zitzikama Strandlooper collection.

The Complete Teeth. One of the complete lower molars and four of the
complete upper molars are, unfortunately, third molar teeth and it was de-
cided that these should not be described in detail (on account of the vari-
ability in size and shape of such teeth in all races). It is to be noted, however,
that these third molars belong to the same general type and exhibit the same
characters in the same or even a more marked degree than those now to be
described

1. External Characters. The complete molars (seven from the upper and
two from the lower jaw) arc, with three exceptions (two upper and one lower
tooth), exceedingly small in all respects. The average mesio-distal length of
the crown of the five small maxillary molars is only 9*6 mm., the average
bucco-lingual width is 10-5 mm. videe fig. 5) and the average (extreme) length,
from the apex of the lingual root to the most prominent part of the mesio-
lingual cusp (which is slightly worn in all cases), is approximately 17-0 mm.

The dimensions of the remaining two maxillary molars do not differ
greatly from those of modern Bantu races.

The five maxillary molars referred to above are remarkable, however, not
only in their actual smallness, as compared with typical (Bantu) human teeth,
but also in the shortness of their roots relative to the length of their crowns
and in the large size of their bodies; in other words, in the relative growth of
their bodies at the expense of their roots (fig. 2). Thus, the average length
of the lingual root of the five teeth is only 7*0 mm., the average length of
the crown (slightly worn) 6-0 mm., and the average length of the body 5-1 mm.

The relative proportions of crown, body and root of the remaining two
mnaxillary molars are approximately similar to those of these five teeth.

The proportions of the crown, body and root of the Strandlooper maxillary
molars are therefore approximately 6: 5: 7 mm., the extremes being
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6: 6: 7 mm. and 6: 4: 7'5 mm. That is to say these teeth, compared
with cynodont (Bantu) teeth, have slightly smaller crowns; bodies that are
relatively and actually larger, and roots that are relatively and actually
shorter, than those of cynodont Bantu teeth.

The constriction or "neck" at the junction of the enamel and cement
varies from being ill defined to being entirely absent.

The external characters, dimensions and relative proportions of the crown,
body and root of one of the lower molars in this collection are similar to those
of the upper five maxillary molars, while the other lower molar is a much
larger tooth and exhibits the character of fusion to a marked degree. The
relative proportions of its crown, body and root are approximately 7 8 5 mm.
respectively.
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Fig. 5. Diagram showing the development of molars in Neanderthal, European, Boskop and
Zitzikama man; the teeth are placed in the diagram so as to contrast their lengths or
mesio-distal diameters. The parallel lines which cross the length of the crowns are 5 mm.
apart. (Neanderthal and European man after Campbell.)

Consequently, as far as the outer aspect is concerned, taurodontism is
exhibited by these Strandlooper molars. I consider that these teeth are
entitled to be placed in the meso-taurodont class, as defined above.

2. Internal Characters. In two instances the internal characters of the
Strandlooper molars were revealed by sectioning and the internal characters
of the remaining teeth were revealed by radiographic examination.

Although, as stated formerly, the pulp cavities in the majority of these
teeth are relatively large, actually they are not larger than the pulp cavities
of adult cynodont (Bantu) teeth, except in two instances.

489
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One, an upper first molar with its root apices not yet conlpletely closed,
has a pulp cavity which measures 50 mm. ill the bucco-lingual direction,
slightly less in the nicsio-distal direction, and 6-0 mm. in the vertical direction.

Another ull)er molar, a second probably, has a pulp cavity that measures
approximately 4-5 mm. in all directions. This tooth is well worn and possibly
belonged to an individual of much more than adult years. The remaining
teeth have pulp cavities that vary in size. In two instances the cavity is
considerably reduced in size by deposit of secondary dentine. In the other
teeth the cavity in no instance exceeds 3-5 mm. in diameter, but in these teeth
also there is evidence of deposit of secondary dentine.

From this it is concluded that in the teeth of younger individuals of the
Strandlooper race the pulp cavities must have been considerably larger than
in the worn and, in many cases, aged specimens described here.

T'he Crowns. The molar crowns require no detailed description. Their
occlusal surfaces do not differ greatly from those seen in recent negroid races
except that four lower molar crowns exhibit creation or wrinkling of their
enamel (fig. 1, 4). This condition I had not seen previously in any adult human
teeth nor do I know of any instances recorded in European or Bantu races.
Gregory (1921) has stated, however, that "lower molar crowns with wrinkled
surfaces" are found in Bush peoples, and Boule (1923) has stated that the
(taurodont) Taubach molar tooth (described by Nehring, 1895) exhibited the
same condition. I regret that the Bush material available for study in this
Department lends no support to Prof. Gregory's statement and it therefore
appears probable that even in Bush peoples cremation of the enam"el is an ex-
ceedingly rare condition.

Many of the lower molar "crowns" in this group possess five cusps and
are larger thai the crowim of the small complete lower molar referred to above.
Likewise, a few of the upper molar "crowns" are as large as the crowns in
Bantu races, but the majority do not differ in their dimensions from the
crowns of the small Strandlooper maxillary molars.

Since the roots and bodies are absent, there is nothing to indicate that
these "crowns," as well as the "complete teeth," are not crowns of meso-
taurodont teeth. The resemblance in form and size of some of them to the
crowns of the complete teeth and the fact that they were discovered in the
same deposits at Zitzikama as those, appear to warrant their inclusion in
the same nmeso-taurodont group.

We may conclude therefore that meso-taurodont teeth occurred with
considerable frequency ill the Strandloopers, which are known to be Bush-
Boskop hybrids (Laing, 1924).

ZITZIKAMA BosKoP MOLARS

It was evident on inspection that, although these teeth possessed the same
general characteristics as the Strandlooper teeth, they were markedly larger
in all their dimensions and slightly different in some of their anatomical
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features (Plate I, row B) (fig. 6). The two maxillary molars (one, a first molar,
the other, a second molar) are most remarkable. They exhibit complete fusion
of their mesio-buccal and lingual roots, thickening and enlargement (not
elongation) of their disto-buccal roots and overgrowth of their bodies.

It must be noted, however, that the fusion of their roots is not due to anl
approximation of the roots the result of retrograde developluient but is due
rather to an opposite l)rocess, namely, an extension of the body of the tooth
into that region which in cynodont teeth is occupied by the roots. That is
to say, the roots of these teeth were never distinct to become fused later;
the joined conditions is one of initial development, brought about by a down-
ward extension of the tooth body at the very earliest stage of its development.

The dimen-siions of their crowns are greater than those of the crowns of
many Bantu molar teeth (ride fig. 5). The relative proportions of crown, body
and root it was found impossible to ascertain with any degree of accuracy,
owing to absence of fragments of the teeth at the junctions of these parts.

A B C D E

Figr. 6. Alesial aspect of upper molars of Neanderthal man (A); Zitzikama man (B);
Boskop man (C); European man (D); and Chimpanzee (E). (Natural size.)

There is, however, no doubt that the crowns and bodies are relatively larger
and that the roots are relatively and actually shorter than those of cynodont
teeth (ride fig. 4).

Although these two Boskop maxillary molars are not as markedly hyper-
taurodont as some of the Krapina molars, I consider that their characters
entitle their inclusion in the same hyper-taurodont class, and accordingly
they may be termed hyper-taurodont teeth.

The two lower molars lack their roots, but it is evident from inspection
that when these were present they were not fused but divergent.

These teeth are also of large size (fig. 5) and their crowns each possess
five cusps and are longer in the mesio-distal than in the bucco-lingual direc-
tions. Their bodies and pulp cavities are slightly larger than those of typical
Bantu teeth.

For these reasons it is considered that these teeth probably exhibited the
condition of hypo-taurodontism. The conclusion is therefore warranted that
hyper-taurodont and hypo-taurodont teeth occurred in South African Boskop
races.
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TAURODONT MOLAR TEETH IN OTHER SOUTH AFRICAN RACES

It was desired to ascertain: (1) whether taurodont teeth occur in living
South African races, (2) whether the condition of taurodontism appears in
as marked a degree in living South African races as in the teeth of the Zitzi-
kama peoples described above.

The entire collection of skulls utilised for this investigation has been
detailed earlier in this paper. Collectively, they fall naturally into four main
groups:

1. Bantu group.
2. Bush group.
3. Korana group (Australoid of Broom).
4. Bastard group.

The dentitions of these skulls were not absolutely complete, for teeth had
been lost, not only before death but also post-mortem. The cheek teeth,
however, are present in one or both sides of the upper or lower jaw in all the
skulls examined. Further, in the case of teeth lost after death, the condition
of the socket was usually found to afford adequate evidence of the external
characters of the body and root of the absent teeth. The age of the skulls
and dentitions vary, but in all cases it is considered that the individuals to
whom these skulls and dentitions belonged had attained at least adult years.

All observations on the teeth were carried out with the aid of radiographic
(indirect) examination videe skiagram 1), but, as stated formerly, macro-
scopic examination and careful measurements of the crown, body and root
afforded the basic criterion for the diagnosis of taurodontism.

Table I. Showing the occurrence of taurodontism in South African races
Percentage Percentage

Number Hyper- Meso- Hypo- of of
of Taurodont Taurodont Taurodont Cynodont Taurodont Cynodont

Race Skulls Skulls Skulls Skulls Skulls Skulls Skulls
Pure Bantu 99 0 0 0 99 0.0 100.0
Pure Bush 15 0 0 0 15 0.0 100 0
Bantu-Bush hybrids 7 0 0 0 7 00 100-0
Bantu with Boskopoid 11 0 3 1 7 36.3 63-6

element
Bush with Boskopoid 3 0 1 0 2 33.3 66-6

element
Bush with Australoid 12 0 3 2 7 41-6 58-3

(Broom) element
Totals 147 0 7 3 137 6-8 93.7

Diagnosed in the manner stated above, taurodontism was found to occur
in the teeth of living South African races. Classified on the basis of the
second molar tooth, the extent to which the condition was developed and
the frequency of occurrence of the condition in the dentitions examined is
shown figuratively in Table I.
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It will be seen from that table that taurodontism appears in as marked a
condition in living South African races as it did in Zitzikama peoples. Further,
it will be seen that taurodontism is absent from the teeth of pure Bantu and
Bush peoples and also from the teeth of Bantu-Bush hybrids. The pure
Bush an(1 the pure Bantu stocks must therefore be cynodont.

On the other hand, in bastards, where the elements of fusion are Bantu
or Bush with Boskopoid or Australoid peoples, taurodontism occurs with
some degree of regularity-roughly in 30 per cent. of the bastards examined.

Where the elements of fusion are Australoid and Bush the condition
occurs slightly more frequently than where the elements of fusion are Boskop
and Bush or Boskop and Bantu. There is, however, evidence from this inei-
dence to demonstrate that taurodontism was a feature of both the Boskopoid
and Australoid peoples of Southern Africa.

We may conclude that:
1. The Bantu and Bush peoples of Southern Africa possess teeth of the

cynodont type.
2. Taurodont teeth are, however, found in living South African races.
3. The condition of taurodontism is developed to the same extent in

living South African raees as in the teeth of the Strandlooper and Boskopoid
peoples from Zitzikama.

4. Taurodontism occurs in South African hybrids where the elements of
fusion are Australoid or Boskopoid with cynodont types like the Bantu or
Bush races. Taurodontism is therefore a character of South African Australoid
and Boskopoid peoples.

5. Taurodontism occurs roughly in 30 per cent. of such hybrids and
therefore appears to act as if it were a Mendelian recessive character in the
proportion of its emergence in hybrid stocks.

6. Taurodontism appears to be a eharaeter which breeds true in the
Mendelian sense and therefore must be a character of at least variety rank.

7. Since taurodont races can intermingle with cynodont races of mankind
and produce fertile offspring, taurodontism is not a character of zoological
species rank.

8. Races which equal one another in a character demonstrated to be of
variety rank are probably more closely related to one another than those not
exhibiting the character.

9. The South African Australoid and Boskopoid peoples are more nearly
related to one another than either people is to the Bantu or Bush stock.
Inversely, the Bantu and Bush races are more nearly related to one another
than either race is to South African Australoid or Boskopoid peoples.
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THE SIGNIFICANCE OF TAURODONTISM

As of late years many iniferncnes have been based upon taurodontism in
the teeth of fossil man, the occurrence of taurodont teeth in nmodcern races
warrants an inspection of the significance of any new facts emerging from such
a study as the present one.

In Neanderthal man the occurrence of taurodont teeth has been used as
an argument that recent man cannot have descended from that race of man
but belongs to a separate stock which in early times supplanted Neanderthal
man, who died out.

The opinion that the taurodont teeth of Neanderthal man do not represent
a stage in the evolution of modern cynodont teeth was first advanced by
Adloff (1908), who considered that the degree of taurodontism exhibited by
the teeth of that race was a specialized or retrograde character, not a primitive
feature. Keith (1913), after entertaining the contrary view (1908), has now
become a convert to the idea that taurodontism in the Neanderthals is a
specialised character. According to him, taurodontism takes the Neanderthal
race away from the ancestral line of modern man.

Gregory (1921), however, considers that "at least a moderate degree of
taurodontism is a primitive feature for the Ilominidae " and that the taurodont
teeth of Neanderthal man, or some of them, may be structurally ancestral to
teeth of the modern cynodont type.

Although it has been stated that taurodontism is the opposite to what
obtains in anthropoids and primates generally, it is a remarkable fact that
data concerning the external characters and relative sizes of the crown, body
and root of molar teeth in primates other than mall are either inaccessible or
non-existent. That is to say, there is no evidence to prove that taurodontism,
diagnosed by external characters and dimensions as suggested here, is never
a character of the dentitions in at least some branches of the anthropoids.

Further, even if it be demonstrated that taurodontism does not occur in
modern anthropoids, if Prof. Gregory (1920) and Prof. Miller (1915) are correct
in assigning the Taubach molar to a fossil Pleistocene chimpanzee, there is
evidence that taurodontism is known in the teeth of some fossil members of
the anthropoid group. The Taubach molar has been figured by Keith as an
example of a taurodont tooth with the "Neanderthal characters," and there
appears to be considered evidence in favour of the view that this tooth belongs
to no known member of the human family.

It has never been shown conclusively that the condition of taurodontism
is not a primitive feature for anthropoids and, even if it had been so shown,
since the anthropoids are themselves probably specialisations from the primate
stem, the absence of taurodontism from the teeth of the living representatives
of this group does not warrant the conclusion that taurodontism is a specialised
character for the Hominidae.

When we come to examine the teeth of primitive man we find that the
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teeth of Pithecanthropus (possibly the oldest human fossil known), although
perhaps definitely of the cynodont type, are known to be highly specialised
and therefore not available for comparison here.

The teeth of Eoanthropus, according to Gregory (1921), possess "a pulp
cavity that is deeper than is common among modern teeth" associated with
primitive features of the jaw and dentition. The relative proportions of crown,
body and root have not, so far as I am aware, been published, but, from the
condition of the pulp cavity, it appears not improbable that some degree of
taurodontism is exhibited by the molars of the fossil.

In Heidelberg man who, it has been suggested, is a pre-Neanderthal, the
teeth are likewise of the taurodont (presumably meso-taurodont) type, even
although the crown patterns of the teeth and many of the characters of the
jaw are of admittedly primitive human type.

In the Neanderthals taurodont teeth are also of frequent occurrence. In
that race also, taurodontism is found associated with primitive features of
the dentition, and although some writers claim that all the teeth exhibited
taurodontism, the available records show that this was not the case. According
to Tomes (1923) only 50 per cent. of the Krapina teeth were markedly affected
by the condition and the molars of the Spy skulls could pass for molars of
the modern cynodont type. Kramberger's work (1907) shows Neanderthal
teeth with quite distinct and lengthy roots and bodies of the cynodont type.
That is to say, the teeth of the Neanderthals varied from teeth of the massive
taurodont type to teeth that cannot be distinguished from cynodont teeth.

This variation would find a natural explanation from the facts brought
forward here if we regard the Neanderthals as a bastard race-taurodont
Neanderthals uniting with a cynodont people to produce a mixed offspring,
or taurodont pre-Neanderthals (? Heidelberg) uniting with a cynodont people
to produce mixed Neanderthals.

1However that may be, it is evident that the condition of taurodontism
has occurred over an immense period of time and is not, so far as the present
records show, absolutely distinctive of one particular race only. It is possible
that the teeth of fossil apes (the Taubach molar) exhibited the condition.
Eoanthropus also may possibly provide an example of the character and there
is no doubt that the teeth of heidelberg man and of many of the Neanderthals
exhibited the condition of taurodontism to a marked degree.

It has been stated that in modern races the pulp cavity is relatively larger
in teeth of young persons than in the teeth of adults and that this relatively
large pulp character as an infantile condition is the persistence of a character
that is primitive for the Hlominidae.

So far as the size of the pulp cavity is concerned, there is little doubt that
teeth at an early age, not only in man but also in primates generally, do
exhibit the condition of taurodontism to a more marked degree than do the
teeth of adults.

It appears possible therefore that this infantile character does signify the
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persistence of a primitive feature. In any case, as has been stated formerly,
the condition of taurodontism is known to occur even in the teeth of adult
modern individuals. The condition has been stated to occur in modern
Europeans (Adloff figured a taurodont molar in a modern European, 1910,
Plate X, Jaw H), in Mongolians (the Eskimo, according to Kramberger) and
is definitely present in South African races, including Australoid peoples.

From the occurrence of taurodontism, and the association of very primitive
characters with taurodontism, in apes from early Pleistocene times, in primi-
tive human fossil races from the earliest chapters of our history, in the de-
veloping teeth of primates generally and in the teeth of adults of many modern
races, it appears that there is considerable support for the view that tauro-
dontism is a primitive character.

If taurodontism is a primitive character it is evident that all taurodont
races have sprung from one stock and that all cynodont races are offshoots
from this taurodont type.

Whether taurodontism is a primitive feature or not, we must believe that
either all taurodont races have sprung from one stock or that there has been
convergent evolution at different geological stages in human history.

Although many authorities consider that the taurodont Neanderthal race
represents a side branch of the human race which became wholly extinct in
western Europe, other authorities (e.g. Hrdlicka, 1914) state that Neanderthal
characters are met with in individuals in Europe in periods later than the
Palaeolithic and even in present-day populations, and that such characters
should be regarded as atavisms showing reversion to that ancient race. That
is to say, it has been stated that traces of Neanderthal blood and physiognomy
are not lacking even in modern Europeans and that such characters, and
evidently the characters of taurodontism also, should be regarded as atavisms
showing reversion to the Neanderthal race.

This is a question which obviously needs further investigation by scientists
in Europe. We do not know what the fate of the Neanderthal race in Europe
was, but it is possible that analysis of the incidence of taurodontism in
Europeans may yet reveal that fate. In other regions, e.g. Africa, it is possible
that this race or some closely allied taurodont group has survived into a
later epoch and is responsible for the character of taurodontism here.

The discovery of the condition in living South African races and in other
races widely separated geographically certainly indicates, in the writer's
estimation, that we may have to admit that these characters, thus placed
in parallel, are not convergent but derivative. Until convergence can be
demonstrated it certainly seems preferable that the character of taurodontism
be regarded as primitive and the people possessing taurodontism as having
come from one stock. In other words, dental comparisons indicate a familial
relationship between Heidelberg man, Neanderthal man, Boskop man and
the South African Australoids.
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CONCLUDING REMARKS

This investigation has shown that a number of teeth discovered at Zitzi-
kama exhibited the condition of taurodontism and that taurodontism is also
of frequent occurrence in the teeth of living South African races. In none of
the dentitions examined, however, was the condition of taurodontism as well
marked as in the teeth of the Krapina or Jersey Neanderthaloids, even although
in many instances the teeth examined exhibited the character relatively as
clearly as the teeth of the Heidelberg jaw.

It was found that although the Bantu and Bush peoples possessed teeth
of the cynodont type, taurodont teeth occur in South African hybrids where
the elements of fusion are Australoid or Boskopoid with cynodont types.
From this it was concluded that taurodontism is a character of South African
Australoid and Boskopoid peoples.

The fact that taurodont races have intermingled with cynodont races of
mankind and produced fertile offspring is considered to show that tauro-
dontism is not a character of zoological species rank. The frequency of
occurrence of the condition in hybrids showed that taurodontism is probably
a Mendelian recessive character and since, in the Mendelian sense, tauro-
dontism was found to breed true, it was concluded that taurodontism must
be a character of at least variety rank.

Finally, from a consideration of these facts and from the frequency of
occurrence of the character and its wide geographical and historical distri-
bution, it was concluded that until convergence was demonstrated it appeared
preferable to regard taurodontism as a primitive character and the people
possessing the character as having come from one stock.

In conclusion, I desire to thank Prof. Raymond A. Dart for numerous
helpful suggestions and criticisms during the investigation. I also wish to
acknowledge my indebtedness to Messrs Krynauw and Le Helloco, students
of this University, and to my friend, Mr W. Tamson, for the drawings with
which this paper is illustrated.
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EXPLANATION OF PLATE I

Row A. The Strandlooper molars (reading from left to right). Lower second molar, upper
second molar, upper first molar, upper second molar, upper first molar, lower first molar.
(From Zitzikama.)

Row B. The Boskop molars (reading from left to right). Lower second molar, lower first molar,
upper second molar, upper first molar. (From Zitzikama.)

Row C. Bantu-Boskop hybrid's teeth (reading from left to right). Lower first molar, lower
second molar, lower third molar, lower first premolar-all from the left side of one individual.
(Skull 117.)

Row D. The Strandlooper anterior teeth (reading from left to right). Upper premolar, lower
first premolar, upper premolar, upper canine, upper first incisor, upper second, incisor.
(From Zitzikama.)

Row E. The Strandlooper molar crowns (reading from left to right). Lower molar crown, lower
molar crown, upper molar crown, upper third molar crown, lower molar crown, upper molar
crown. (From Zitzikama.)
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